Transfer of nucleotide strings in the Synechocystis sp. PCC6803 genome is investigated to exhibit periodic and non-periodic correlation structures by using the recurrence plot method and the phase space reconstruction technique. The periodic correlation structures are generated by periodic transfer of several substrings in long periodic or non-periodic nucleotide strings embedded in the coding regions of genes. The non-periodic correlation structures are generated by non-periodic transfer of several substrings covering or overlapping with the coding regions of genes. In the periodic and non-periodic transfer, some gaps divide the long nucleotide strings into the substrings and prevent their global transfer. Most of the gaps are either the replacement of one base or the insertion/reduction of one base.
Introduction
of the genome and generate periodic correlation structures [34] . Besides the repetition of basic periodic nucleotide strings, the transfer of non-periodic nucleotide strings with the same increasing periods would form the periodic correlation structures. It inspires to explore more extensive correction of nucleotide strings and the intrinsic mechanism. In this paper, by using the recurrence plot method and the phase space reconstruction technique, we identify transfer of nucleotide strings in the synecho genome and make a detail analysis of the periodic and non-periodic correlation structures.
Methods
For a given genome s 1 s 2 · · · s i · · · s N (s i ∈ A, C, G, T ), the mutual information function is defined [35, 36, 37] as
where p ξη is the relative frequency of the pair of s ξ and s η = s ξ+m in a distance m and p ξ is the relative frequency of s ξ . The synecho genome denoted as BA000022 is obtained from the GenBank(ftp.ncbi.nih.gov) and has 3573470 bases. The symmetrical distribution of four bases along the single strand is p ξ =26.1%/26.2% and 23.8%/23.9% for s ξ =A/T and C/G. In what follows, we give a brief presentation of the recurrence plot method based on the metric representation, which is detailed in [38, 39, 40] . Firstly, the genome is partitioned into N subsequences
and mapped in a metric plane (α, β). The metric mapping (α k , β k ) of a subsequence is defined as
where µ i is 0 if s i ∈ {A, C} or 1 if s i ∈ {G, T } and ν i is 0 if s i ∈ {A, T } or 1 if
The points (α k , β k ) concentrate in local zones of the metric plane
The subsequences with the same ending l-nucleotide string labeled by Σ l correspond to points in the zone encoded by the l-nucleotide string. With two subsequences Σ i ∈ Σ l and Σ j (j ≥ l), we calculate the distance between the points (α i , β i ) and (α j , β j ) in the plane. When the distance is not longer than the zone size ǫ l = 3 −l , i.e., Σ j ∈ Σ l , the point (i, j) is plotted in a recurrence plot plane. Repeating the above process and shifting forward, we obtain the recurrence plot of the genome. In comparison with the definition (1), it is clear that the mutual information function only corresponds to the recurrence plot with l = 1. The recurrence plot basically depends on the length N of the genome and the zone size ǫ l . At the fixed length N, the recurrence plot with a small l is easier to investigate global properties than that with a large l, but to find local properties such as the transfer of long nucleotide strings, latter is better. Although the density of points in the recurrence plot decreases monotonically as l increases, their distributions in the plane are fixed. From the recurrence plot plane, we calculate the maximal value of x to satisfy Σ i+x , Σ j+x ∈ Σ l (x = 0, 1, 2, · · · x max ). The transferred nucleotide string has the length L = l + x max and is placed at the positions (i − l + 1, i + x max ) and (j − l + 1, j + x max ), which implies the transferring distance d T = j − i starting from the diagonal line in the plane.
Then, to depict the correlation structures in the plane, on the one hand, we propose a correlation intensity at a given transferring distance
where Θ is the Heaviside function; on the other hand, we define an iterative transferring distance x k of the given nucleotide string
where d T (k) is the k-th transferring distance of the given nucleotide string starting from the diagonal line in the plane. Applying the phase space reconstruction technique [41] , we generate two-dimensional vectors from the one-dimensional iterative transferring distance x k
3 Analytical results It is evident that there appear some equidistant parallel lines with the basic transferring length 3d b1 = 18. For each transfer distance, the total nucleotide string is divided into several substrings with different lengths for transfer.
The gap between two neighboring substrings consists of one base only. There exist 8 independent gaps, which are "t" at 2082471, "c" at 2082480, "g" at 2082483, "c" at 2082498, "c" at 2082534, "g" at 2082537, "c" at 2082588
and "c" at 2082606. The substrings are transferred with integer times of the basic transferring length to form periodic correlation structures as shown in Fig. 3(a) . Once the 8 replaced bases "c", "t", "a", "t", "t", "a", "c" and "c" in the gaps are restored, respectively, the divided substrings will combine to form a continuous periodic nucleotide string and make the periodic transfer of the basic string.
Similarly, the local region in Fig we present all gaps and their restored bases at the position 1 or 2 in Table   I . It is found that there appear 5 independent gaps in the long nucleotide string, which are denoted by square brackets in Table I . Other gaps are just reappearance of them. The 5 independent gaps are "a" at 2355834, "t" at 2356965, "a" at 2359386, "t" at 2358741 in the first transfer and "t"
at 2357853 in the second transfer. Once the replaced bases "t", "c", "t", "c" and "c" in the gaps are restored, respectively, the divided substrings will combine to form a continuous periodic nucleotide string and make the periodic transfer of the basic string. Different from Fig between two periods from the first position to the first/second one has the correlation distance 888/(591+888) and so on so forth. Of course, the 5 gaps also divide the nucleotide string into several substrings for transfer to form the periodic correlation structures in Fig. 3(a) . So, once the replaced bases in the gaps are restored, the divided substrings will combine and make the periodic transfer of the nucleotide string.
(2) The long nucleotide string is a periodic one composed of two basic strings, which are divided into several substrings by gaps. The long nucleotide string in Fig. 4 (a) appears in the local region (527395 − 528016), which is embedded in the coding region (524346 − 529595) of the gene slr1753. It is evident that there appear some equidistant parallel lines with the basic transferring length d b1 =6. Basically, the long nucleotide string is composed by two basic strings with lengths 12 and 6. However, the second one disappears at some positions in the long nucleotide string. There also exist 2 independent gaps with "t" at 527588 and "t" at 527594, which divides the long nucleotide string into several substrings. The substrings are transferred with the integer times of the basic transferring length to generate periodic correlation structures as shown in Fig. 3(a) . Once the 2 replaced bases "c"
and "g" in the gaps are restored, respectively, the divided nucleotide strings will combine to form a continuous periodic nucleotide string and make the periodic transfer of the basic strings.
(3) The long nucleotide string is not a periodic one but is composed of several substrings for the transfer and non-transfer. The long nucleotide string in Fig. 4 (b) appears in the local region (589463 − 592418), which is embedded in the coding region (587228 − 593125) of the gene slr2046. It is evident that there appear some equidistant parallel lines with the basic transferring length 306. However, there does not exist the basic string with length 306 in the genome. In the long nucleotide string, several substrings can be transferred to generate the periodic coherence structures, but others cannot. So the transferred nucleotide strings cannot combine to form a continuous periodic nucleotide string, but can be still transferred periodically in the long nucleotide string. Table II . Therefore, the non-periodic correlation structure is generated by the transfer of non-periodic nucleotide strings divided by several gaps.
Non-periodic correlation structures
In the synecho genome, mobile elements with different lengths, which referred to as selfish repetitive DNA sequences, are provided. Due to the comparison of the relative positions and lengths, 11 mobile elements located near the transferred nucleotide strings in the zone 2 are given in Table II .
It is evident that the mobile elements are almost identical to the nucleotide for the synecho genome. Notation as in Table I . The mobile elements (with lengths) located near the transferred nucleotide strings are given in the last line of each transfer step. Figure caption is also plotted. 
